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(54) An improved method to embed passive components 



(57) The invention is directed to a method of 
embedding thick film passive components on an 
organic substrate wherein a flexible metallic substrate 
has a conductive paste underprint applied thereon. The 
method comprises the following steps: applying a con- 
ductor paste underprint onto a flexible metallic sub- 
strate; firing the preceding article; applying at least one 



passive component paste onto the underprint; firing the 
preceding article; and applying the passive component 
side of the metallic substrate onto at least one side of an 
organic layer which is at least partially coated with an 
adhesive layer wherein the passive component side of 
the article is embedded into the adhesive layer. 
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Description 

FIELD OF THE INVENTION 



[0001] The present invention is directed to an improved method of embedding thick film passive components on an 
organic layer wherein a flexible metallic substrate has a conductive paste underprint applied thereon. 

BACKGROUND OF THE INVENTION 



[0002] Passive components today consist of a carrier with built in passive compositions usually derived from resis- 
tor or capacitor thick film technology and terminated by metal conductors. The components are mounted onto a printed 
wiring board (PWB) surface one at a time with pick and place equipment, and connected electrically to the circuit by one 
of several complex processes involving adhesives, fluxes, solder paste, and/or wave soldering or reflow. 
[0003] As the demand for miniaturizing electronic devices increases, both circuit density and the density of compo- 
15 nents per unit area have dramatically increased. The number of components has risen exponentially necessitating the 
shrinking of component size. Since the design of smaller, denser boards is approaching the practical limit for today's 
technology, circuit designers have maximized real-estate and cannot add components unless they become much 
smaller, or as an alternative, buried within the inner layers, i.e., vertical stacking of components. 

[0004] Early versions of the embedded passive panels, as found in Japanese patent application kokoku H2- 
20 153589, had the passive components printed directly onto a metal foil. This method had drawbacks, such as adhesion 
problems with the resistors and low capacitance and high dissipation factor with the capacitors. The present invention 
achieves success with adhesion by the application of a paste underprint that was applied to the metal foil before the 
printing of the passive components. Therefore, the present invention utilizes an improved method of forming passive 
components using present cermet thick film technology for low cost embedded component formation on organic sub- 
25 strates. 

SUMMARY OF THE INVENTION 

[0005] The present invention is directed to a method of embedding thick film passive components comprising the 
30 following steps: 

A. applying as an underprint a conductor paste onto a flexible metallic substrate; 

B. firing the article found in step A.; 

C. applying at least one resistor paste onto the underprint; 
35 D. firing the article found in step C; 

E. applying the fired paste side of the article found in step D. onto at least one side of an organic layer which is at 
least partially coated with an adhesive layer wherein the fired paste side of the article is embedded into the adhe- 
sive layer. 

40 [0006] The present invention is further directed to a method of embedding thick film passive components compris- 
ing the following steps: 

A. applying as an underprint a first conductor paste onto a flexible metallic substrate; 

B. firing the article found in step A.; 

45 C. applying at least one dielectric paste onto the underprint; 

D. firing the article found in step C; 

E. applying a second conductor paste onto the fired pastes; 

F. firing the article found in step E.; 

G. applying the fired paste side of the article found in step F. onto at least one side of an organic layer which is at 
-least-partially coated witrranadhesive layer wherein the fired paste-side of the articleis-embedded into the-adhe— 

sive layer. 

[0007] Employing conventional print/etch processing to pattern the conductors may then complete the above meth- 
ods. 

55 [0008] Resistor and capacitor pastes can in principle be printed together, as well as multiple grades of resistor 
paste and multiple grades of capacitor pastes, as long as all pastes use the same furnace profile in the firing step. 
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RRIFF DESCR IPTION OF THF DRAWING 
[0009] 
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Figure 1 is an illustration of a buried passive component fabricated in accordance with the present invention 
method. 

nFTAII ED DESCRIPTION OF THF INVENTION 

[0010] The present invention is an improved process -^"^ o^^SSSCK 5^ 
lized i forming buried passive components such as ^« ^PJJ^™ to'the memlfoifbefore prinSng the pas- 
The improved process utilizes paste, which forms an underpnntthat »^J^^™riata industry which refers to a 
sive components. The term "paste" is conventional language used ,n ^*J™ XrShered wel. to the 

may ba printed as an ap.n coating o«ar tha « «< » « » " "J ss " he „ nopp.r (oil is used, an 

=:fzsrar; u ^,^ 

copper foil when an oxygen doped firing *™J*™ 1 *^ has the advantage tnat air fire d resistors with superior 
rtLlpr^il^ 

to migrate, and the non-industry-standard etching usj silver te as a first metal termina- 

[0013] Embodiments of the ^^^T^^^^J^ go d abused for illustrative purposes and 
tlon and a gold paste as a second metal term.nat on. un derp int is appiied to sitver foil then dried and fired 

in no way limit the invention to the ment.oned metals. A silver paste •£ ' pp un derprinted foil, then 

under the melting point of the silver foil. A resistor paste is patterned by screen print JJ °^ p then inverted 

dried and fired, typically at 850°C which is below the meltmg point partl y of one or 

and laminated to an organic layer such as a printed w.ring £^J™*> " h "J * surface Sable for etching termina- * 
more layers of adhesive so that ^ors^ £££Zol^£ S^^^ ontothe silver 

Sth^triii™ 

K^Th^dphotoresististhen developed, a. 

^capacitors^eb^ 
iectrio paste is then dried and oo-fired with the res.stor. A pattern onto the silver 

is then fired at a low temperature (<400°C) to s.nter the second electrode , 0 „ 0 J gnd , d int 

passive components are embedded into the adnesrve layer on ^ * electrode for the capacitor must be 

^u^aX^ 
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be made. 
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[0018] 



ESLn l? d P e a s C SioTr b ov e r 9 US6d With ° Ut reSiSt0rS th6n *° St6pS MC "° *° ■%« would be e.imi- 

[0019] Rgure 1 depicts the most genera, embodiment of the present invention and is described in detai. hereinbe- 

foil. PP me,aM,c f0 " (1 02 > and tnen f,red below the softening point of the metallic 

»5 S S' !f3! P f h 1 ° tOSensitive film is then laminated onto the metallic foil. 

oSe f £ I" ,S ' mageWise ex P° sed to acti ™ 'Bdiation to define areas, which have been exoosed 

eSd. l9 ^ eVe '°^- is ~»eved * -ova, of the unexposed areas of 'the film, ^h .^metallic foil 

[0027] Fig. 1 h— the metallic foil is then etched 

20 S 5t If CirCUit PaSSiVe com P° nents are actualized in the same plane 

S Th! ! PrOCSSS maV ' 35 ref6rred 10 3bOVe ' "»* 10 d °"b,e-sided ^ilds 

[0030] The mam components of the invention are described hereinbelow 



Foils 
25 [0031] 



Thick Film ConoposifloQ 

metal or other special function type LrtcZTtenZ n P - ^ f'*. 00m P nsed of finel V particles of glass, 

35 plasticizer, dispersing agen t an ^rgan^enTZ orlln f ) P °' ymerS disSOlved in a mixture * 

which are well known i thetndus S/ an commJ^n ? Sf ° rthe P assive c °™P°nents are resistor pastes, 
desired resistances. The ZZ^oolZ^T "TP "*» b6 needed t0 achieve 

on a copper system have an or^an fc veSeTa US? ^ ' *' PaSt6S WhiCh are P rinted 

fZle, 21^^ a SJle ".S (VehiC ' e) * "■«*"** miX ^ a P' a - 

for screen printing. The latteHs M^LTilSTfci^ «mpo.«on having surtable consistency and rheo.ogy 

[0034] Any essentially inert liquTd mL be u S6 H n « tK T T' SUbStrat6S in the convent '°nal manner 

and/or stabilizing agents a'nior he common addWves mavb' ° r9aniC '^^ With ° r With ° Ut thicke ™9 

<s can be used are the a.iphatte ^l^^^Z^ " Vehi ° ,e - EXamP ' eS ° f 0r£,aniC ,k > Uids which 
Pine oil, terpineol and the like soMtons ol r««nc i ♦! ' """"P"" aC6tateS and P ro P io ™te, terpenes such as 
lulose in stents such as ^KS^Z^S eTherTlT^f ' ° f '° Wer a,COh °' S - S °' Uti ° nS °' 6th >" eel- 
ferred vehicle is based on , ethyl cellulose Tesln «2 ! ? ^ 9 ' yC01 monoaceta ^ and dibuty. carbitol. A pre- 

Chemicals (see Examples); 2 £J£ ^ beta andlllT" 0 '' 1 *«» Eastman 

»-taining-8-15%-beta--and-gamma-teSo^ 9 terpmeols (generally 85-92% alpha-terpineol con- 

although poorer burnout P ?o^^^ 

after application to the substrate 9,80 may C ° nta ' n VOla,ile liduids t0 P' 0 ™* fast setting 

She dlpeS rM^pnedand LtJSSS S.T T* - * " " P ° n the — "» 

will contain complementarily 5? % Ste .^^i^^r"? ? T'™ 9 °° d C ° Veraae ' the dis P ercions 
invention may. of course, be modSied by ^awZ lttoT™* TTl* The com P ositi °^ of the present 

Such formulations are we., within the "tale of 2 art ^ 6 ° «** ta beneficial characteristics. 

[0036, The pastes are convenient* prepared on a three-ro„ mi, The viscosity of the pastes is typicai.y w*hin the 



[0035] 
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following ranges when measured on a Brookfleld HBT viscometer at low, moderate and high shear rates: 



Shear Rate (sec" 1 ) 


Viscosity (Pa *s) 




0.2 


100-5000 i 






300-2000 


Preferred 




600-1500 


Most Preferred 


4 


40-400 






1 00-250 


Preferred 




120-200 


Most Preferred 


40 


10-150 






25-120 


Preferred 




50-100 


Most Preferred 



20 

Organic layer 

[0037] The preferred organic layers used in this invention are the types of boards utilized in the printed-circuit board 
industry. Generally, they are made from high-pressure laminates. By definition, a laminate consists of layers of fibrous 
25 materials bonded together under heat and pressure with a thermosetting resin. Many times it is an electrical-grade 
paper bonded with phenolic or epoxy resin or a continuous-filament glass cloth bonded with an epoxy-resin system. 
More specifically, examples are: 

XXXPC made from a high-quality electrical paper impregnated with a phenolic resin; 
30 FR-2 similar to Grade XXXPC except a ffame-retardant property; 

FR-3 is self-extinguishing paper epoxy; 

G-10 is a high-quality laminate made from sheets of glass cloth bonded with epoxy resin; 

FR-4 is quite similar to G-10 except for the added self -extinguishing property. G-11 is a glass-cloth-epoxy; currently, 
FR-4 is a preferred substrate material for many applications. 
35 FR-5 is the flame-resistant modification of G-1 1. 

Adhesives 

[0038] The adhesives should be electrically insulating. An epoxy, resin, acrylic or ceramic type adhesive may be 
40 used. The preferred thickness of the adhesive applied is about 0.04 to about 0.2 millimeters. The preferred adhesives 
are commercially available Vialux®, Pyralux® and Pyralux WA®. 

[0039] The present invention will be described in further detail by giving practical examples. The scope of the inven- 
tion, however, is not limited in any way by these practical examples. 

as EXAMPLES 

[0040] All values in the following examples are given in weight % based on total composition. 
Compositions 

50 

[0041] The composition of the copper paste underprint follows: 



55 


Texanol 


15.00% 




Ethyl Cellulose 


0.75% 
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(continued) 


Glass A 


0.60% 


Copper 


83.50% 


Phosphate Wetting Agent 


0.15% 



Composition of Glass A: 
10 [0042] 



15 



20 
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Silica 


9.4% 


B 2 0 3 


12.2% 


Lead Oxide 


65.9% 


Cadmium Oxide 


6.7% 


Sodium Fluoride 


3.2% 


Aluminum Oxide 


0.2% 



[0043] The paste was prepared by techniques well known to those skilled in the art of thick film paste formulation 

t^TZint^ wa ; me,ted and fritted using standard techniqu - k — * ^^S^St 

glass Production. Screen-pnnting was accomplished using standard screens (stainless steel mesh 325 to 500 mesh 
screens). Thickness of the fired films on the copper foil was less than 10 microns, typically 8 to 9 microns 

ENCAPSUI.ANT PASTF 



[0044] 



35 



40 



Ingredient 



Alumina Powder (Bayer Process, ~2 micron) ~~ 
Solvent (dibutyl carbitol) 
Resin (bisphenol-F. Shell #862) 
Cyanoguanidine (Dyhard 100SF, SKW Trostberg) 

Thermal Initiator (UFM50, SKW Trostberg) (Toluene2,4-bis(N^dimethyicarbamine)) 



Per Cent 



55.0% 
16.0% 
25.3% 
2.4% 
1.3% 



45 ES!S« Th^ 6 , mat6rial ^ miXed ^ 3 hjgh Sh6ar hi 9 h - s P eed ™ er ««h ™ « Cowles, commonly used in the paint 
industry. The alumina was adequately dispersed in this manner, and no additional roll milling was used. 

Process Flow 

and demonstrated without a copper paste underprint. Examples 7-12 exemplify the invention and are demonstSed 
With a copper paste underpnnt. The parts were printed using a 230-280 mesh screen; dried at 80°C- and on a 
nommal "30 m.nute* furnace profile (ten minutes peak at 900 degrees, wtth burnout ramp up to 20 Zn^V^i 
minutes is spent m unheated zones for a total residence time of 55 minutes in the tunnel kHn 
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Without Copper Paste Underprint 




With Copper Paste Underprint 


5 


1. 


No underprint layer 


1. 


Screen Print/Dry Copper Underprint Layer 




2. 


No tiring 


2. 


Fire Copper Underprint Layer 




3. 


Print/Dry Resistor Paste 


3. 


Print/Dry Resistor Paste 


10 


4. 


Fire Resistor Paste 


4. 


Fire Resistor Paste 




5. 


Vacuum Laminate Fired Parts of PWB which is 
coated on the converging side with Pryalux Adhe- 
sive 


5. 


Vacuum Laminate Fired Parts to PWB which is 
coated on the converging side with Pyralux Adhe- 
sive 


15 


6. 


Microetch to Accept Riston 


6. 


Microetch to Accept Riston 




7. 


Laminate Riston 


7. 


Laminate Riston 




8. 


Expose Conductor Pattern on Riston 


8. 


Expose Conductor Pattern on Riston 




9. 


Develop/etch/strip boards 


9. 


Develop/etch/strip boards 


20 


10. 


Print a curable epoxy encapsulant over the pat- 
terned resistors 


10. 


Print a curable epoxy encapsulant over the pat- 
terned resistors 



Results 

25 

[0047] 



Resistors Printed without Cu Paste Underprint - 10Kohm, R, Average, and CV 10,000 Ohm Lanthanum boride resis- 
tor paste printed with Screen-Using Pyralux Adhesive 


Ex. 1 


Ex.2 


Ex. 3 


Ex. 4 


Ex. 5 


Ex. 6 






26.65 


27.92 


20.57 


Open 


19.87 


Open 


R 


V 


27.58 


22.16 


21.44 


20.69 


20.93 


22.16 


E 


A 


26.91 


152.8* 


22.62 


29.45 


24.1 


28.9 


S 


L 


33.73 


28.11 


25.76 


24.82 


28.8 


26.3 


I 


U 


31.58 


38.2 


26.4 


36.8 


28.1 


34.2 


S 


E 


32.6 


36.7 


27.62 


32.5 


31.06 


34.3 


T 


S 


33.5 


27.31 


476* 


27.27 


31.6 


32.2 


O 




31.3 


27.76 


710* 


32.5 


33.1 


34.1 


R 




30.48125 


29.73714 


24.06B33 


29.14714 


27.195 


30.30857 


Average 




2.973298 


5.675446 


2.903683 


5.399265 


5.001303 


4.716621 


Standard Deviation 
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Resistors with Underprint of Cu Paste - 10kOhm, Resistance, Ave. and CV (20 x 20 resistors) 


Ex.7 


Ex. 8 


Ex. 9 


Ex. 10 


Ex. 11 


Ex. 12 






24.3 


21.1 


21.9 


17.9 


22.3 


20.9 


R 


V 
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(continued) 



Resistors with Underprint of Cu Paste - 10kOhm. Resistance, Ave. and CV (20 x 20 resistors) 



10 



Ex. 7 


P v Q 
CX. o 


Ex. 9 


Ex. 10 


Ex. 1 1 


Ex. 12 






Open 


£. \ . I 


21 .9 


18.5 


21 


21.5 


I E 


A 


20.8 


CL 1 -O 


iy./ 


19.1 


19 


21.5 


S 


L 


21.4 


21 


19.4 


19.4 


17^ 




I 


U 


22.8 


20 


21.8 


22.4 


13.8 


20.5 


s 


E 


22.7 


22 


21.4 


21.1 


15.5 


21 


T 


S 


20.9 


21 


20.8 


17.4 


17.1 


21.6 


O 




17.6 


17.6 


19.6 


15.9 


20.1 


19.7 


R 




22.15 


21.07143 


20.98571 


19.4 


18 


21.17143 


Average 




1.363452 


0.587975 


1 .0574 


1.781385 


2.991098 


0.398808 


Standard Deviation 
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[0048] In the above tables, values marked with an asterisk are taken from resistors with an obviously damaged ter- 
mination contact. The non-underprinted boards (Examples 1-6) had undesirable values caused by poor termination 
aohesion. The performance of the resistors processed without the underprint layer was poorer in other respects as well 
In the first place, the high ohm resistors had very poor adhesion to the copper. This manifested itself during handling 
when random resistors would pop off of the copper foil during the process. The poor adhesion also caused higher var- 
iance of resistance in the resistors without the Cu underprint, as well as higher dissipation factors in capacitors in Exam- 
ple 13. 



30 



35 



EXAMPLE 13 

[0049] The dielectric paste was printed onto a copper foil with an underprint, using two print/dry/fire sequences to 
lay down two dielectric layers, to minimize the effect of any pinholes. The parts were printed using a 400 mesh screen- 
dried at 80°C; and fired on a nominal "30 minute" furnace profile (ten minutes peak at 900 degrees, with burnout ramp 
up to 20 minutes). Another 25 minutes is spent in unhealed zones for a total residence time of 55 minutes in the tunnel 
kiln. 

[0050] Afte. the dielectrics are printed and fired on the underprinted copper foil, a low temperature silver paste is 
printed on the dielectrics, with a lead extending off the edge of the dielectric material. Since the copper does not affect 
the silver lead etch, it can be accessed after etching the copper off of it. The silver paste is fired in a furnace for ten 
minutes at 200"C. After firing, the material is ready to laminate, print, and etch. Usually, a copper pad is left on top of 
part of the silver lead to provide an attachment point. 
[0051] The composition for the dielectric paste is: 



Zicronium Oxide Powder 


4.10% 


Glass "A" 


6.10% 


Ethyl Cellulose 


0.83% 


Eastman Texanol 


1 7.63% 


Barium Titanate Powder 


69.20% 


Barium Nitrate Powder 


0.84% 


Phosphate Wetting Agent 


0.40% 



55 [0052] Glass "A" is composed of: 
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Germanium Oxide 


21 .5% 


Lead Tetraoxide 


78.5% 



[0053] Texanol is a proprietary ester/alcohol from Eastman; the ethyl cellulose is grade "T-200" from Hercules; and 
the phosphate wetting agent is tridecyl phosphate from AKZO. Powders are ground by processes familiar to those 
10 skilled in the art of formulation of thick film inks; the glass is also prepared using commonly used procedures. Organic 
and inorganic portions of the formula are mixed and roll milled to produce a thick film printing ink of viscosity suitable 
for screen-printing. 

[0054] The composition of the silver paste is as follows: 

15 



5 micron flake silver 


48.2% 


1-2 micron silver 


26.8% 


0.6 to 0.8 micron silver 


3.6% 


Ethyl Cellulose resin 


1 .4% 


Texanol 


20.0% 



25 

[0055] The ethyl cellulose is T-200 grade, from Hercules; the Texanol is an alcohol/ester solvent from Eastman. Sil- 
ver paste was prepared using techniques well known to formulators skilled in thick film art. 

[0056] The parts thus prepared were inverted, laminated, coated with photoresist, and exposed, developed, etched 
and stripped using processes well known to those skilled in the art of PWB fabrication. 
30 [0057] The following represent the electrical properties of capacitors made with these materials: 

Capacitance is -150 nF/in 2 ; std dev is <10% 
Df is -0.9 to ~1 .7% from 1 KHz to 1 00 KHz 
IR is > 5x1 0 9 Ohms 
35 Breakdown voltage is ~300v 

Claims 

1. A method of embedding thick film passive components comprising the following steps: 

40 

A. applying as an underprint a conductor paste onto a flexible metallic substrate; 

B. firing the article found in step A.; 

C. applying at least one resistor paste onto the underprint; 

D. firing the article found in step C; 

45 E. applying the fired paste side of the article found in step D. onto at least one side of an organic layer which 

is at least partially coated with an adhesive layer wherein the fired paste side of the article is embedded into 
the adhesive layer. 

2. A method of embedding thick film passive components comprising the following steps: 

50 

A. applying as an underprint a first conductor paste onto a flexible metallic substrate; 

B. firing the article found in step A.; 

C. applying at least one dielectric paste onto the underprint; 

D. firing the article found in step C; 

55 E. applying a second conductor paste onto the fired pastes; 

F. firing the article found in step E.; 

G. applying the fired paste side of the article found in step F. onto at least one side of an organic layer which is 
at least partially coated with an adhesive layer wherein the fired paste side of the article is embedded into the 
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adhesive layer. 

3. A method of embedding thick film passive components comprising the following sequential steps: 

A. applying as an underprint a first conductor paste onto a flexible metallic substrate; 

B. firing the article found in step A; 

C. applying at least one dielectric paste onto the underprint; 

D. firing the article found in step C; 

E. applying a thermoset thick film conductor onto the fired pastes; 

F. curing the article found in step E.; 

G. applying the cured paste side of the article found in step F. onto at least one side of an organic layer which 
is at least partially coated with an adhesive layer wherein the cured paste side of the article is embedded into 
the adhesive layer. 

4. The method of Claim 2 or 3 wherein the step of applying at least one dielectric paste further comprises applying at 
least one resistor paste onto the underprint. 

5. The method of Claim 2 or 3 wherein the step of applying at least one dielectric paste further comprises applying at 
least one resistor paste onto the dielectric paste. 

6. The method according to either of Claim 1 , 2 or 3 wherein the firing steps are performed below the softening or 
melting point of the metallic substrate. 

7. The method of Claim 1 , 2 or 3 further comprises an encapsulant. 

8. The method of Claims 1 , 2 or 3 wherein the underprint is a conductor paste comprising the same type of metal as 
found in the metallic substrate. 

9. The method of Claim 2 or 3 wherein the dielectric paste contains an oxidizing agent. 

10. A buried passive component formed in accordance with the method of Claim 1, 2 or 3. 
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